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Air heating device with low temperature delta for fine tuning of print chamber conditions
in environments with explosion risk

1. Abstract
The device object of this article allows having a fine control of the thermal conditions inside the print
chamber of a 3D Plastics/Metals machine. It provides high density of thermal exchange to the
entering airstream (that has a big impact on the cooling rate of the print bed or the solvent removal
rate) but at the same averts the explosion risk through increasing the thermal exchange surface
using a heatsink element in order to reduce the necessary difference of temperature between the
airstream and the heating element. It also provides a complete differentiation of the inner and outer
volumes of the printer in this area through the use of different sealing elements.
The device consists mainly of:
‐
‐
‐
‐

‐

A heating device that transfers indirectly thermal energy to the air stream.
A heatsink element with high surface‐volume ratio through which the heat is transferred
with lower temperature difference needed.
An airstream generator.
A regulation system that allows to control separately the surface temperature of the body in
contact with the airstream, and the final temperature of the air that will affect the printing
conditions.
Sealing elements that completely differentiate the inner volume from the heater electronics.

It applies to systems where:
‐

‐

Clear separation between the inner volume of the machine (that can have powder, reactive
agents, or in some cases inert gases that compel to have no leaks/infiltrations) and the
exterior is necessary.
High temperature surfaces (such as traditional heater coils) in contact with the reactive
elements entail an explosion risk.

Description of invention
2. Problems solved
On the one hand, for some 3D plastic printers it is crucial to maximize the uniformity throughout the
bed, and in order to achieve this, an approach is to reduce and/or to keep at a constant level the
convective heat losses through preheating the air that enters the print chamber to a defined target.
On the other hand, for some 3D metal printers, thermal uniformity is not so critical, but the
temperature of the air above the print bed has a heavy impact on the water removal rate and thus
the properties of the green part.
However, for achieving this, traditional coil heaters entail a safety risk as the coil needs to work at a
high temperature relative to the temperature of the airstream, and due to the possibility of having
powder in this air, this could mean an explosion risk.
Through the use of indirect heating elements, with extended heat transfer surfaces and independent
control of this surface temperature, the benefits of the fine control of the printing conditions can be
kept while averting the explosion risk.
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This design also allows sealing the inner volume and completely separating the heater electronics
from the powder‐carrying air, as well as enabling the use of inerting, for which a very low level of gas
exchange with the environment is critical.
3. Prior solutions
Previous solutions of controlling the printing conditions in 3D metal/plastic printers are:
‐

‐

Coil heaters to increase the temperature of the entering airstream. They do not avert the
explosion risk unless additional mechanisms work flawlessly, and even then, powder could
come from other areas.
Radiating heat elements to maintain the temperature of the bed. They can control the
temperature of the powder top layer, but they do not reduce/control the convective losses
and the related non‐uniformities.

4. Description
The system object of this article includes the hardware used and the control mechanism that allows
to exploit the benefits of the solution.
In terms of hardware, the device is composed of (figures 1 and 2):
‐

‐

‐
‐

‐
‐

One or multiple heating elements (H) that allow surface heating. Common technologies
available in the market for this purpose are silicone rubber heaters and mica heaters, which
allow different temperature ranges for the heated surface temperature.
A metallic body that acts as a heatsink (HS) and transfers the heat produced by the heating
element (H) to the airstream. It must have a large contact surface with the air in order to
allow reducing the temperature delta between the surface and the airstream while keeping
the amount of transferred heat power. A common manufacturing technology for this part
can be extrusion.
One or multiple airstream generators (F), such as, but not limited to, axial fans.
A temperature sensor (TSS) for the surface temperature, such as, but not limited to, an NTC.
It will allow controlling the temperature of the surface in contact with the airstream and
limiting the working temperature of the different elements.
A temperature sensor (TSA) for the output airflow, such as, but not limited to, an NTC. It will
allow the fine control of the temperature of the air that enters the print chamber.
Sealing elements (S), that separate completely the inner and outer volumes while allowing in
some cases the necessary crossing of cabling. This group includes, but is not limited to, cable
glands, rubber elements, foams, silicone profiles and chemical sealants.
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Figure 1

Figure 2

Published by Technical Disclosure Commons, 2020

4

Defensive Publications Series, Art. 3002 [2020]

Regarding the heating control mechanism for the device (figure 3):
‐

‐
‐

‐

It can allow for independent control of the surface temperature in the heatsink, which is
critical both from a safety point of view (in terms of explosion risk) and as it defines the
thermal point of operation for the rest of the elements.
The heating power is regulated through a PWM signal which is controlled in closed loop
through the temperature measured by the TSS and the reference for this temperature.
The reference temperature for the heatsink surface is both limited to a maximum value and
controlled in closed loop by the temperature measured at the air outlet by the TSA and the
temperature reference that is set for the air entering the print chamber.
The airstream generator can work in open loop or be controlled through a feedback system
including pressure sensors or flow sensors. This is independent from the heating control
mechanism, although it will have an impact on the stabilization point the heating servo will
reach.

Figure 3

5. Advantages
The proposed solution allows having a fine and fast control of the print chamber conditions while at
the same time averting completely the risk of explosion and ensuring that the inner volume of the
printer is separated from the environment. This enables to directly control variables that have an
impact on final part quality or green part properties and at the same time meet the safety
requirements in powder environments and the sealing necessary for systems with inerting or air
recirculation.
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